Thank you for the submission of your manuscript entitled "Cyclin O (Ccno) functions in deuterosome-mediated centriole amplification of multiciliated cells". Please accept my apologies for the unacceptable delay in getting back to you with a decision, but summer, and particularly August, is a very difficult time of the year to contact referees and get their reports on a timely manner.
I have now received the reports from the two referees that accepted to evaluate your work and I regret to say that their assessment is not a positive one.
As you will see from their reports below, both referees are in fair agreement that you study is definitely timely and interesting, but it is not sufficiently developed for The EMBO Journal, particularly in light of the paper in Nature Genetics already linking Cyclin O to cilia formation in multiciliated cells. They would essentially require a much deeper understanding of the molecular role of Cyclin O in this context.
With these evaluations in hand, considering that we can only invite revision of papers that receive strong enthusiastic support from the referees and after detailed discussion of your case in our editorial meeting, we do not see ourselves in the position to call for a revised version of your manuscript and therefore we cannot offer to publish it. I am sorry that I have to disappoint you at this stage. I hope, however, that the referee comments will help you improve your study and I thank you once more for the opportunity to consider your manuscript. I also hope for the rapid publication of your study somewhere else.
_______________________ REFEREE COMMENTS
Referee #1:
In the manuscript Funk and colleagues characterized the phenotypes of the Ccno-deficient mice and found that most of the mice displayed hydrocephalus and mucociliary clearance defects similar to patients carrying Ccno mutations. The authors further demonstrated that multiciliation in the mouse is severely impaired due to a failure in centriole biogenesis, correlated with enlarged and irregularshaped deuterosomes incapable of efficient procentriole assembly, but not with the mother centrioledependent centriole formation.
The authors have provided convincing data to support a role of cyclin O in deuterosome formation and function during multiciliogenesis. Their EM and histopathological images are informative and of high quality. A major concern, however, is the lack of a clear molecular mechanism. The authors only provided a qPCR result that suggests a persistent, rather than transient, Deup1 expression in Ccno-deficient tracheal epithelial cells undergoing multiciliation. Moreover, the current work is mainly based on EM studies. Since multiple deuterosome components have recently been documented, it would not be difficult to extend their work to the molecular level. I thus do not recommend publication of the present version in EMBO J. Specific points are listed below.
Major points: 1. I would suggest that the authors check whether and how the localizations of deuterosome components such as Deup1 and Ccdc78 are affected in mTECs upon Ccno knockout. Although regular confocal microscopy could already be informative, the use of super-resolution microscopy (such as SIM) would be superior.
2. Immunostaining for Cep152 or Plk4 would provide more information on why the deuterosomes in the Ccno-deficient cells were functionally defective. Accordingly to literature, persistent expression of Deup1 is unlikely to repress procentriole assembly.
3. Immunostaining for a centriole marker would allow a better demonstration of centriole biogenesis in wild-type and Ccno-deficient mTECs. 4. A set of immunoblotting results for the expression patterns of major proteins in centriole biogenesis during the differentiation of mTECs would be important to echo their qPCR results.
Minor points: 1. The authors should carefully proofread their manuscript for typos and other mistakes before submission. For instance, many decimal points have been mistaken by commas; frequently there lacks a space between numbers and units. 2. In Fig. 2 , the label f' is missing.
Referee #2:
The manuscript by Funk et al. provides a detailed characterization of the expression and loss of function analysis of a mouse mutant for CCNO. CCNO has recently been reported to have phenotypes associated with defects in multi-ciliated cells (MCCs) and the current paper expands on several of these phenotypes. There is some nice EM analysis of the mutant mice that leads the authors to speculate that CCNO is involved specifically in "deuterosome" formation and/or function. While there appears to be some interesting observations I have several fairly serious concerns over the interpretation of the data. The deuterosome is still a poorly characterized structure and I think that a functional link with CCNO would be a very interesting finding however as it stands that link is tenuous.
Major concern #1. It seems pretty clear form the literature (as well as this paper) that CCNO leads to less cilia. However, the central hypothesis here is that this loss of cilia is due to a loss of centriole amplification and there is very little data to support this (or refute it). If one wants to make the claim that deuterosomes are somehow dysfunctional and that this is the underlying mechanism of CCNO loss of cilia then one needs to quantify centriole numbers. I appreciate that this is no easy task, but this is the primary claim of the paper and it is not quantified. Previous publications of a knockdown of CCNO in Xenopus MCCs show a decrease of "apically docked" centrioles, but overall numbers were not addressed. In fact a very realistic possibility given the EM data in this paper is that the apical docking of centrioles is the primary underlying defect of CCNO-deficient mice.
Major concern #2. We know little about the deuterosome. At the EM level it is essentially an osmiophilic "blob" that is primarily defined by it's association with nascent centrioles. It seems possible that the blobs seen in the CCNO-deficient mice are not even deuterosomes. Also, deuterosomes have been described to vary considerably in size and it is often observed that larger ones generate more centrioles, so the observed increase in deuterosome size does not explain any of the CCNO phenotype.
Major concern #3. While the ab staining of CCNO is not great, my interpretation of it is that it is localized at the centrioles. I am not sure how this fits with its proposed role as a cyclin. Is it also at the deuterosome? Does it have a non-cyclin role in centriole amplification? There is no transcriptional changes described here that could explain any phenotype involved in centriole amplification. I feel as if we have no idea what CCNO is doing in MCCs and that this paper fails to expand our knowledge. While the descriptive work is laudable there remains too many questions to state with any certainty that this protein has anything to do with deuterosome/centrioles.
Major concern #4. This is somewhat related to above, but the authors state that: "In addition, assembly and apical docking of centrioles is largely compromised in Ccno-deficient MCCs". This docking phenotype is the most plausible explanation of the decrease in cilia but was not really addressed in much detail.
Minor issues: The authors state: "Motile cilia are found on surfaces of some epithelia exhibiting characteristic rotational beating motility" While I am sure the authors know what they are talking about this sentence reads in a confusing way. Rotational cilia beating is typically (and in the reference) used to refer to the beat pattern found in the single cilia found in the node. Cilia in the ependyma and respiratory tract have a more waveform beat pattern (not rotational).
"Additionally, the cytoplasm of Ccno-deficient cells frequently contained electron-dense, osmiophilic structures that most likely represent remnants of microtubular structures such as centrioles and basal bodies (Fig 3g-m) ." How do you know they are bb or centrioles?
Appeal 01 September 2014
Many thanks for sending along your decision letter and the reviewer's comments. Since I am currently spending my family holidays and had issues with my Email account accessability, please apologize for my delayed response to your indeed disappointing Email.
While I can partially follow the reviewer's comments, I do have issues with the decision to reject the manuscript without considering a revised version. As you have rightfully mentioned, the Nature Genetics paper previously linked Ccno to formation of multiciliated cells, but this human genetics study did not show any mechanistic data concerning how Ccno acts during formation of multiple cilia. Our study links Ccno quite clearly to deuterosome function and thus we demonstrate the first described phenotype of deuterosomes that on the molecular level remain very poorly understood, if at all.
Reviewer 1 actually requests additional immunofluorecent experiments that in sum are feasible and indeed would strengthen our interpretation of the phenotype, that is currently strongly based on EM imaging. We are already performing these experiments and are confident that we could address the concerns raised by reviewer 1.
However, reviewer 2 has some fundamental doubts that Ccno acts at deuterosomes at all. The interpretation of our experiments by reviewer2 are mostly based on the few data that were presented in the Nature Genetics paper describing the Ccno phenotype as a centriole docking defect. Taking exactly the same argumentation as reviewer 2, however the data presented in the Nature Genetics paper show only decreased numbers of apically docked centrioles, without demonstrating that the centriole number is unchanged or the underlying mechanism for the docking defect (concerns #1 and#4). In our very extensive EM studies we show an earlier phenotype than basal body docking already present during centriole amplification at the deuterosomes, possibly secondarily lead to reduced numbers of apically docked centrioles as both our studies demonstrate. To argue that the observed dysformed osmiophilic structures in our study might not even be deuterosomes, and to claim that that there might not be a phenotype of deuterosomes completely disregards our central figures, Fig. 5f -k and Fig. 6e ,e' (dysmorphic deuterosomes that show nascent centriole formation, including quantification of deuterosome size and centriole length as measure for decreased deuterosome function), (concerns #2 and #3). Considered that deuterosomes are structures that are currently defined by electron microscopy, we chose mostly EM for their phenotypic analysis.
In sum, we are confident that we would be able to add experiments requested by reviewer1 to support our interpretation of the Ccno phenotype. This phenotype initiates at an earlier stage than centriole/basal body docking and thus was studied in greater extend. This study will thus add valuable information for understanding the control of centriole generation in multiciliated cells, which is currently only poorly understood.
I would be happy if you could please reconsider our manuscript, possibly also involving an additional reviewer.
I am looking forward to hearing back from you.
2nd Editorial Decision 10 September 2014
Thank you for your e-mail and the response to the concerns of the referees and please accept my apologies again for the delay in getting back to you. I have extensively re-discussed your case with other members of our editorial team, including our Chief Editor, Bernd Pulverer, and I am afraid that the conclusion is still not positive.
The main issue here is that even if referee #1 is more positive, neither of them actually recommends the publication of your study in The EMBO Journal, and both agree, in essence, on the reason for the lack of support: limited mechanistic understanding of the role of Cyclin O in the deuterosome. We believe that addressing this issue is not an easy task, as referee #2 points out, and might be well beyond the scope of a single revision time. This, together with the fact that an expedite publication is only in your best interest considering that your study is at least partially overlapping with the Nature Genetics report, leads us to the conclusion that it would not be productive to call for a revised version in this case.
I am sorry to disappoint you again and I expect that this letter has clarified the rationale behind our previous decision. I honestly hope for the rapid publication of your study. We were happy to learn that Reviewer#1 found our data convincing "to support a role of cyclin O in deuterosome formation and function". In the revised version of the manuscript we have extensively modified and extended our analysis to more clearly reveal functions of CCNO on the molecular level. Please find below our specific response to the concerns of the reviewer that we have tried to address in full. We now have included immunofluorescence analysis (IF) using a DEUP1 specific antibody (Zhao et al. 2013 ) to demonstrate that deuterosome formation is severely compromised in Ccno-deficient multiciliated cells (MCCs) . Our quantitative IF analysis shows a significant reduction of deuterosome number and could confirm the remarkable increase in deuterosome size, as our previous ultrastructural analysis had indicated (Figure 4 ). These data are now presented as a new Figure 5A and C, including a quantitation of the results ( Figure 5B ).
Immunostaining for Cep152 or Plk4 would provide more information on why the deuterosomes in the Ccno-deficient cells were functionally defective. Accordingly to literature, persistent expression of Deup1 is unlikely to repress procentriole assembly.
We fully agree with Reviewer#1 that persistent expression of Deup1, or other components of the transcriptional programme for deuterosome dependent (DD) centriole formation most likely does not cause defective deuterosome function, but rather can be interpreted as a compensatory mechanism of defective centriole formation.
We have used SAS-6 IF to investigate early stages of centriole formation at deuterosomes. During early stages of centriole amplification (ALI day 3) Ccno-deficient cells show greatly reduced absolute levels of SAS-6 staining at deuterosomes, indicating generally reduced initiation of centriole formation. Despite the increase in size of deuterosomes in Ccno-deficient cells, reduced SAS-6 levels are found. These novel data are now presented in Figure 5A .
We extended the analysis of transcriptional changes following Ccno gene deletion and now demonstrate that the entire transcriptional programme for the DD pathway of centriole amplification remains elevated during mTEC differentiation. Most likely this is mediated by increased levels of Multicilin expression, which is the key transcriptional regulator of the DD programme (Ma et al. 2014 ) (qRT-PCR data are now presented in Figure 3K ). This raises the interesting question of how Multicilin expression is regulated by a potential negative feedbackmechanism that senses centriole number and suppresses the programme by controlling Multicilin expression. This aspect is now more clearly discussed in the manuscript.
Immunostaining for a centriole marker would allow a better demonstration of centriole biogenesis in wild-type and Ccno-deficient mTECs.
We have used Centrin-antibody staining in mTEC cultures at early (ALI day 3) and late (ALI day 7) stages and quantified centriole number per MCC at ALI day 3 ( Figures 5C, 6A-C) . Centrin staining shows a significant reduction of centriole number in Ccno-deficient cells ( Figure 6B ), and also indicates mislocalization and clustering of Centrin-positive material. These new data are now presented in Figure 6A -C.
A set of immunoblotting results for the expression patterns of major proteins in centriole biogenesis during the differentiation of mTECs would be important to echo their qPCR results.
While we agree that Western blot analysis of proteins with roles in centriole biogenesis would be an important addition to validate the qPCR results, limitations in availability of adult Ccno-deficient animals did not allow for this type of analysis. Only 14% of offspring from Ccno heterozygous intercrosses with the required Ccno homozygously deleted genotype reach postnatal day 21 ( Figure 2E ), due to some degree of perinatal lethality. Only 6% of Ccno homozygously deleted animals reach the age of 6 weeks, which would be the preferred age for the isolation of primary cells for mTEC cultures. A minimum of 10 animals are required to retrieve sufficient primary cells from tracheae to generate mTEC cultures for Western blot analysis. With a minimum requirement of duplicating (better triplicating) the experiment, the numbers of animals that would need to be generated excludes this analysis and might possibly not pass the regional board for licencing of animal experiments. However, the IF analysis of DEUP1 and CP110, that both showed increased levels of mRNA expression ( Figure 3K ) shows increased IF-staining ( Figures 5C and 6C ), suggesting that also elevated protein levels are present in Ccno-deficient MCCs. We want to emphasize that we do not expect that maintained expression of components of centriole biogenesis are the primary cause of observed defects of centriole formation in Ccnodeficient MCCs. The maintenance of the Multicilin-driven transcriptional programme more likely reflects a consequence of defective centriole formation. We have carefully proofread the manuscript, corrected errors and typos, and apologize for having overlooked these in the first submitted version of the manuscript.
2. In Fig. 2 , the label f' is missing.
We found label "f" of Figure 2 being included in our submitted version of the figures. However, we now placed the label into the Figure content to make it more apparent. We agree that deuterosomes are still poorly understood, despite several recent papers that analysed these structures in more detail. We have addressed the major concerns raised by reviewer #2 and now present data that further support the claims of the previous manuscript and which further elucidate in more detail the functions of Ccno during formation of deuterosomes and centrioles. 6A , and 6C). Thus, in addition to the failure of apical docking of centrioles, also the total number of centrioles is reduced ( Figure 6A and B).
Since we observe first structural and functional defects at deuterosomes and early centrioles at stages of centriole formation in mTECs that precede apical centriole docking ( Figure 5 ), we conclude that alterations at deuterosomes and centrioles are unlikely being secondary to basal body docking defects. We have now used DEUP1 antibody staining of Ccno-deficient MCCs to confirm that the osmiophilic structures observed by TEM are indeed deuterosomes that are increased in size. Additionally, DEUP1 positive structures show SAS-6 at their circumference, so that it can be assumed that these structures are procentriole forming deuterosomes ( Figure 5A ). Novel IF analysis thus corroborates our findings of enlarged deuterosomes that are reduced in number and fail to generate sufficient numbers of procentrioles ( Figure 5A-C) . We agree that the size increase of deuterosomes does not explain functional defects of Ccnodeficient MCCs, but might be a consequence of insufficient generation of centrioles and maintenance of the transcriptional programme for deuterosome formation (Also explained in response to Reviewer #1, concern 2 and concern 4). The quantification of deuterosome size in TEM and IF-staining actually showed relatively small size variations in wildtype MCCs of the trachea and in mTEC cultures ( Figures 4K and 5B) . Deuterosomes of Ccno-deficient MCCs show a significant size increase and a higher degree in size variation in comparison to wildtype MCCs ( Figures 4K and 5B ). Despite increased deuterosome size of Ccno-deficient MCCs, centriole formation does not to be equally upscaled at enlarged deuterosomes indicated by the generally reduced SAS-6 IF signal ( Figure 5A ). As outlined in the response to the major concern #1, we observed defects in centriole amplification ( Figures 4J, 5A , 5B), which are unlikely being secondary to basal body docking defects, since they occur at earlier stages. It is more plausible that defective formation and maturation of centrioles ( Figures 6A-D) are the primary phenotypes that lead to basal body docking defects. (Fig 3g-m) ." How do you know they are bb or centrioles?
Since we cannot proof with absolute certainty that observed structures are remnants of centrioles, or basal bodies, we already had phrased it cautiously "that (these) most likely represent…". However, our ultrastructural observations of morphology showed microtubule-like structures so that we had drawn this cautious assumption. Our view is now further supported by IF-staining for Centrin that shows grossly unorganised Centrin-positive structures in the cytoplasm of Ccno-deficient MCCs ( Figures 5C, 6A , and 6C). Thank you for the submission of your revised manuscript to The EMBO Journal and please accept my apologies for the unexpected delay in responding due to the holiday break. As you will see below, referees consider that you have properly dealt with their concerns, and therefore I am writing with an 'accept in principle' decision, which means that I will be happy to formally accept your manuscript for publication once a few more issues have been addressed.
